Objectives: The aim of this study was to reanalyze and reinterpret data obtained in Paracetamol in Acute Low Back Pain (PACE), the first large randomized controlled trial evaluating the efficacy of paracetamol in acute low back pain, to assess the inferential reproducibility of the original conclusions.
What is new?

Key findings
This inferential reproduction study showed that paracetamol was not more effective than placebo on core outcomes of low back pain, confirming the original results of Paracetamol in Acute Low Back Pain (PACE), the first randomized controlled trial investigating the efficacy of paracetamol for acute low back pain.
What this adds to what was known?
The present study is the first independent inferential reproduction analysis in the field of low back pain research. Although a different statistical approach was used, our analyses unequivocally confirm the conclusions from the PACE trial.
As the PACE trial remains the first and only trial showing that paracetamol had no effect on the outcomes of acute low back pain and has, therefore, been highly influential on clinical practice guidelines, the reproducibility of its results is of vital importance.
What is the implication and what should change now?
The outcome of this study is highly relevant because several national clinical practice guidelines still recommend paracetamol as first-choice analgesic for acute low back pain.
The available evidence suggests that the management of acute low back pain should focus on providing patients advice and reassurance without the addition of paracetamol.
Introduction
Paracetamol (acetaminophen) used to be the first-choice analgesic for acute low back pain (LBP), but several recent clinical practice guidelines have abandoned this recommendation because of new evidence about its lack of efficacy [2e6]. This evidence came from a 2016 Cochrane Review, which mainly based its results on the Paracetamol for Acute Low Back Pain (PACE) trial, the first large placebocontrolled randomized controlled trial (RCT) concerning the efficacy of paracetamol in acute LBP [7, 8] . As this trial was highly influential on recent guidelines, the reproducibility of its results is of great importance [9] .
Although the importance of reproducibility of scientific results is universally agreed upon, the terminology describing different types of reproducibility is not. In 2016, Goodman et al introduced their ''new lexicon for research reproducibility,'' in which they described three types of reproducibility: methods reproducibility, results reproducibility, and inferential reproducibility [10, 11] . Methods reproducibility refers to the reproduction of an analysis using the same data, analysis plan, and code, with the only difference being the analyst [12, 13] . In results reproduction (also called ''replication''), new data are collected in the same population and consequently analyzed using the same analysis plan [12, 13] . Finally, inferential reproducibility is the making of knowledge claims of similar strength from either a study replication or reanalysis of original data [10] . In clinical research, reproduction studies are often the exception rather than the rule. However, early acceptance of scientific claims that are subsequently not reproducible may lead to harms or even to unwarranted ''medical reversal'' [14] ; furthermore, reproduction is important in case only little evidence exists about a certain topic [15] .
In the PACE trial, methods reproducibility was already addressed, as ''Two statisticians who were masked to allocation independently did statistical analyses.'' [8] . Another RCT evaluating the result of the PACE trial (called the PACE Plus trial) was discontinued in 2017 because of insufficient recruitment of participants [16, 17] . The primary outcome in the PACE trial was time until recovery from LBP, but this outcome is not among the outcome domains most relevant to patients with LBP [18] . A core outcome set for LBP, published after the PACE trial had already been completed, including pain intensity, physical functioning, health-related quality of life (HRQoL), and number of deaths as core outcome domains [19] . The first three core domains were included in the PACE original analysis as secondary outcomes, while no patients died during trial participation [8] . In the analysis plan of the discontinued PACE Plus trial, pain intensity recorded in the daily pain diary was the primary outcome [16] . The original analysis of the PACE trial reported results for pain intensity at 1, 2, 4, and 12 weeks of follow-up and presented only part of the data from the pain diary (up to 14 days of follow-up) in the appendix; not all collected diary data were used [8] . The aim of this study was to reanalyze the original data obtained in the PACE trial to assess the inferential reproducibility of results obtained in PACE.
Methods
Participants and data collection in the PACE trial
A brief description of participants and data collection in the original PACE trial is provided here; for a detailed description, see the original manuscripts [8, 20] . The PACE trial was a randomized, placebo-controlled clinical trial that was conducted from November 2009 until March 2013 in Sydney, Australia. This RCT was conducted in a multicenter setting with a double-dummy design, which means that in all treatment groups, patients received ''regular'' medication (or placebo) to take three times a day as well as medication (or placebo) to take as needed for pain. The study protocol, analysis plan, and main results of the PACE trial have been published [8, 20, 21] . A total of 1,652 patients with a new episode of at least moderate-intensity LBP were randomly allocated to take paracetamol regularly (1,330 mg of modified-release paracetamol three times a day, n 5 550, which all were analyzed) or as-needed (up to a maximum of 1,000 mg of regular paracetamol four times a day, n 5 549, of which 546 were analyzed), or to receive placebo (n 5 553, of which 547 were analyzed). Placebo tablets were identical in appearance to paracetamol tablets but did not contain the active component. Participants were instructed to use study medication until they had experienced seven consecutive days with pain scores of 0 or 1 out of 10 (measured on a numerical rating scale [NRS]), or for a maximum of 4 weeks, whichever occurred first. During the trial, participants, clinicians, and researchers remained blinded to allocation of treatment.
Pain scores and the number of tablets used were recorded by participants into a daily pain and drug diary until recovery or for a maximum of 12 weeks. At 1, 2, 3, and 12 weeks after randomization, follow-up questionnaires were collected.
Outcomes used in this reanalysis
For this reanalysis, the predefined and published analysis plan from the PACE Plus trial was used [16] . The PACE Plus trial was a randomized, placebo-controlled clinical trial that aimed to reproduce the results obtained in the PACE trial; however, this trial was discontinued because of insufficient patient recruitment [16, 17] . As the groups and outcomes were similar but not identical between PACE and PACE Plus, we present primary and secondary outcomes of the current reproduction analysis here. The primary outcome of the PACE Plus trial was LBP-intensity measured with an 11-point NRS (score range 0e10; higher score means more pain) [22] ; this outcome was, therefore, used as the primary outcome for this study. As specified in the PACE Plus analysis plan, data from the daily pain and drug diary collected up to 28 days of follow-up were used for the current analyses rather than data from the follow-up questionnaires that were collected after 1, 2, 4, and 12 weeks. Secondary outcome measures from the PACE Plus analysis plan that were also collected in the PACE trial were as follows:
Time to recovery assessed with the daily LBP severity scores. Recovery is defined as the first day of 0 or 1 pain intensity on a 0e10 pain scale, maintained for seven consecutive days (primary outcome of the PACE trial). Physical functioning measured with the Roland Morris Disability Questionnaire (RMDQ; score range 0e24; higher score indicates poorer functioning) [23] .
HRQoL measured with the physical and mental component summary scores of the Short Form 12 (SF-12, range 0e100; higher score indicates better HRQoL) [24] . Sleep quality measured with a 4-point Likert scale derived from the Pittsburgh Sleep Quality Index. Scores were dichotomized into good sleep quality (score 1: ''very good'' and 2: ''fairly good'') and poor sleep quality (score 3: ''fairly bad'' and 4: ''very bad'') [25] .
Statistical analysis
The researchers who performed the original analysis of the PACE trial were not involved in the reanalysis of the data; two coauthors of the original trial (CM and CL) involved in this study were only allowed to view the results and to give their comments in a separate box at the end of the article after the reanalysis and interpretation had already been completed. The statistical analysis was performed according to the intention-to-treat (ITT) principle. The software used for the statistical analysis was R version 3.5.3 (R Core Team, 2019 [26] ). An overview of differences between the original analysis and the current inferential reproduction analysis can be found in Table 1 .
Primary statistical analysis
For clinical effectiveness, the between-group differences for the primary outcome, LBP intensity, were evaluated using a repeated measurements analysis with Poisson mixed effects models with an adequate specification of the fixed and random effects structures to account for possible nonlinear effects. The covariance structure was unstructured. Poisson mixed effects models rather than linear mixed effects models were used as pain data were found to be zero-inflated and nonnormally distributed (Supplementary Figure 1A) ; Poisson models have been demonstrated to be more appropriate for the analysis of zero-inflated ordinal data such as data obtained from the NRS [27, 28] . The GLMMadaptive R package was used to create the Poisson mixed effects models [29] . Results are presented as corrected coefficients for treatment with corresponding 95% confidence intervals (CIs) and P values. A 20% extra improvement in pain in participants receiving paracetamol compared with those receiving placebo was considered to be the smallest worthwhile effect [30, 31] .
Secondary statistical analysis
We used Poisson mixed effect models for physical functioning as data obtained using the RMDQ was found to be zero-inflated and nonnormally distributed (see distribution of data in Supplementary Figure 1B) , linear mixed effect models for HRQoL, a logistic regression model for sleep quality and a Cox proportional hazards model for time until first recovery from LBP to assess between-group differences [27, 28] ; respective R packages used for the analyses were GLMMadaptive, lme4, Stats, and Survival [26, 29, 32, 33] . Sensitivity to missing data in the recovery analysis was investigated by calculating a best-case scenario and a worst-case scenario for recovery from LBP. In the best-case scenario, we assumed all missing participants recovered after the first day of follow-up. In the worst-case scenario, we assumed none of the missing participants recovered within 28 days of follow-up.
As specified in the PACE Plus study protocol, exploratory subgroup analyses were conducted for participants with severe LBP intensity (defined as NRS ! 7) or severe impairment of physical functioning (defined as RMDQ ! 16) at baseline [16] ; for these subgroups, estimates were obtained for LBP intensity, physical function, and time until recovery using Poisson mixed effects models and Cox proportional hazard analyses, respectively. The results are presented as corrected coefficients for treatment with corresponding 95% CIs and P values. A 20% extra improvement in pain from baseline in participants receiving paracetamol compared with those receiving placebo was considered to be the smallest worthwhile effect [30, 31] .
Results
Reproduced baseline characteristics of participants of the PACE trial can be found in Table 2 . Treatment groups were comparable at the start of the trial.
Results for the ITT analysis of the primary and secondary outcomes are presented in Table 3 . Comparisons between regular paracetamol and placebo, paracetamol asneeded and placebo, and regular paracetamol and paracetamol as-needed are presented. As an example, the coefficient for regular paracetamol vs. placebo (0.00, 95% CI: À0.02, 0.01) is interpreted as no change in the log average pain intensity for regular paracetamol when compared with placebo, when all other predictors remain constant.
Pain intensity diary data were available for 1,601 participants (538 from the regular paracetamol group, 530 from the paracetamol as-needed group, and 533 from the placebo group). All treatment coefficients indicated no effect of treatment on pain intensity during 28 days of follow-up (Table 3A) ; no estimates exhibited between-group differences (even without correction for multiple testing). Furthermore, CIs for the coefficients were between À0.1 and þ0.1 and did not include a clinically worthwhile effect of treatment with paracetamol (taken regularly or asneeded) on pain intensity when compared with placebo.
The estimates for treatment coefficients for physical functioning and HRQoL, odds ratios for poor sleep quality, and hazard ratios for recovery from LBP indicated no effect of treatment without correction for multiple testing (Table 3B ). Furthermore, clinically worthwhile differences were not included in the CIs for these estimates.
A graphical representation of the effects of treatment during follow-up is shown in Figure 1 ; graphs were obtained from uncorrected regression models containing only treatment and time as covariates. The lines for different treatment groups are very close in all graphs (and sometimes nearly indistinguishable), emphasizing no difference in effect between paracetamol and placebo. Pain intensity ( Figure 1A ) steadily declines over time in all treatment groups. For physical functioning (Fig. 1B) , a sharp decline can be observed during the first 4 weeks of follow-up, followed by a stable phase until 12 weeks of follow-up. Although the mental component of HRQoL remained constant during the trial (Fig. 1C) , the physical component of HRQoL steadily increased during 12 weeks of follow-up, indicating an improvement of HRQoL over time (Fig. 1D ). The probability of poor sleep quality steadily declined during 12 weeks of follow-up. Figure 1F illustrates the recovery curves as well as median recovery times for the three treatment groups; recovery information could be obtained from pain diary information for 1,601 participants; for 13 additional patients with all pain diary data missing, a recovery date was available, yielding a total of 1,614 patients for the analysis (542 in the regular paracetamol group, 535 in the paracetamol as-needed group, and 537 in the placebo group). Of 1,614 participants, 1,186 (73%) had recovered from LBP after 28 days of follow-up. Median recovery times were 13 days (95% CI: 11e14 days), 14 days (95% CI: 13e15 days), and 12 days (95% CI: 10e14 days) in the regular paracetamol, paracetamol as-needed, and placebo groups, respectively. There was no difference between the three recovery curves (log-rank P 5 0.7). In Supplementary Figure 2 , the results of the analysis for the sensitivity to missing data were presented. The results did not substantially change in the sensitivity analyses when compared with the available data analysis.
In Table 4 , results for the subgroups for severe baseline LBP intensity (defined as NRS ! 7) and severe baseline impairment of physical functioning (defined as RMDQ ! 16) are displayed. The results did not substantially change in the subgroups when compared with the main analysis. Figure 2 shows the recovery curves for these subgroups. In the severe baseline LBP intensity subgroup, 547 of 776 participants (70%) had recovered from LBP after 28 days of follow-up. Median recovery times were 14 days (95% CI: 13e19 days), 16 days (95% CI: 14e18 days), and 13 days (95% CI: 11e17 days) in the regular paracetamol, paracetamol as-needed, and placebo groups, respectively. There was no difference between the three recovery curves (log-rank P 5 0.8). In the severe baseline impairment of physical functioning subgroup, 420 of 592 participants (71%) had recovered from LBP after 28 days of follow-up. Median recovery times were 16 days (95% CI: 13e19 days), 16 days (95% CI: 14e19 days), and 14 days (95% CI: 11e21 days) in the regular paracetamol, paracetamol as-needed, and placebo groups, respectively. There was no significant difference between the three recovery curves (log-rank P 5 0.9).
Discussion
We performed an inferential reproduction analysis of data collected in the PACE trial, using the predefined and published analysis plan from the PACE Plus trial; key differences between the original analysis and the current reanalysis include a different primary outcome and different analysis methods, follow-up time points, presented outcomes, and subgroup analyses [8, 16] . In our reanalysis of the PACE-trial data, the treatment of patients with acute LBP with paracetamol (taken regularly or as-needed) had no effect on pain intensity, physical functioning, HRQoL, and time until recovery from LBP when compared with placebo; our study thus confirmed the original results of the PACE trial [8] .
A strength of this study is the fact that the predefined and published analysis plan from a discontinued replication trial of PACE was used [16] . Furthermore, Poisson mixed models have been demonstrated to be more appropriate for the analysis of zero-inflated ordinal data such as data obtained from the NRS and the RMDQ than linear mixed models [27, 28] . A weakness of this study is the fact that the published analysis plan could not be completely used as intended because of differences between the PACE trial and the PACE Plus trial [16] . Although the PACE trial had À0.06 (À0.13, 0.01); P 5 0.11 À0.03 (À0.10, 0.04); P 5 0.39 À0.03 (À0.09, 0.04); P 5 0.46
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HRQoLdphysical (SF-12) 0.00 (À0.77, 0.77); P 5 1.00 À0. 14 All numbers rounded to two decimal places. All models were corrected for sex, age, employment status, income, use of medication for other disorders, health insurance status and back pain compensability, days since onset of pain, number of previous episodes, radiating pain beyond the knee, number of days reduced activity, feelings of depression, perceived risk of persistent pain, pain intensity, global rating of symptom change, physical functioning, patient specific function, sleep quality, credibility, expectations and physical and mental health-related quality of life (all measured at baseline). three treatment groups (regular paracetamol, paracetamol as-needed, and placebo), the PACE Plus trial had four treatment groups (regular paracetamol, regular diclofenac, placebo, and advice-only). Furthermore, as mentioned in the ''Methods'' section, not all outcome domains were the same between both trials, meaning we could only use part of the analysis plan as well as part of the available data collected in the PACE trial; however, despite some differences, the core outcome domains and instruments for LBP were included in the reproduction analysis [19, 22] . Second, authors deviated from the original protocol using Poisson mixed effect models rather than the predefined linear mixed effects models, but the nature of the data obligated this change. Finally, this reanalysis of the PACE trial focused on the ITT analysis, which remains the least biased method and, therefore, the most relevant analysis for clinical practice [34] ; adherence to medication was not taken into account. However, it has been demonstrated that compliance patterns are unlikely to change the conclusions about the efficacy of paracetamol for acute LBP [35] . As the PACE Plus protocol only specified the collection of pain diary data up to 28 days of follow-up (upon which the recovery analysis was based), the authors decided not to use any data gathered in the PACE trial after 28 days of follow-up, as this would not have been available in the PACE Plus study; furthermore, the analysis for this reproduction analysis was conducted on available data with sensitivity analyses for missing data, whereas in the original report, data were imputed to obtain complete groups for the recovery analysis. A consequence of these decisions Table 4 . Coefficients for subgroups for effect of treatment on average pain intensity (primary outcome) and time until first recovery during 28 days of follow-up and on average physical function during 12 wk of follow-up ) and severe impairment of physical functioning (defined as RMDQ ! 16) at baseline. All numbers rounded to two decimal places. All models were corrected for sex, age, employment status, income, use of medication for other disorders, health insurance status and back pain compensability, days since onset of pain, number of previous episodes, radiating pain beyond the knee, number of days reduced activity, feelings of depression, perceived risk of persistent pain, pain intensity, global rating of symptom change, physical functioning, patient-specific function, sleep quality, credibility, expectations and physical and mental health-related quality of life (all measured at baseline). is that patients who recovered after 28 days of follow-up were considered censored in the current version of the recovery analysis; this may be an explanation for the difference in median recovery times (13, 12 , and 14 days in the regular paracetamol, paracetamol as-needed, and placebo groups, respectively, vs. 17, 16 and 17 days as reported in the original report).
This reanalysis of the PACE data yielded no substantially different results, and therefore, the interpretation of the PACE trial remains the same: paracetamol (taken regularly or as needed) did not improve outcomes of LBP when compared with placebo. Thus, this study supports the notion that paracetamol has a limited role in the management of acute LBP in general practice. Furthermore, this reanalysis confirms that prognosis of acute LBP is favorable, and that natural course or regression to the mean (Fig. 1) , rather than pharmacological treatment, is important factors influencing core outcomes' trajectory in patients with acute LBP.
The clinical implementation of the results of the PACE trial, of course, depends on the acceptability of taking no pain medication, but receiving only reassurance and advice to stay active for patients with acute nonspecific LBP. In practice, this may be feasible if clinicians can invest more time in explaining to patients that the effects of pharmacological interventions for LBP are expected to be limited, although there is a risk of adverse events. Unfortunately, in many countries, GPs have very limited time for each patient, and this may be a barrier to successful implementation. An alternative for clinicians could be to recommend nonpharmacological interventions to patients with LBP (e.g., superficial heat, acupuncture, and spinal manipulative therapy or massage) [4] ; such interventions may not have larger effects than pharmacological options, but they are associated with a lower risk of adverse events. Although method reproducibility and inferential reproducibility have now been addressed for the PACE trial, results reproducibility (also called replication) has not [8, 10, 11] . However, a recent study by Friedman et al compared the combination of the NSAID ibuprofen and paracetamol with the combination of ibuprofen and placebo for patients with acute LBP reporting to two American emergency departments [36] . Although the research question, setting, patient population, and follow-up time were different from the PACE trial, the conclusions regarding the efficacy of paracetamol were the same as those made in the original PACE study. Rather than reproducing the results of PACE in a new RCT, the authors would recommend conducting a meta-analysis of this new study and the PACE trial to more conclusively establish the efficacy of paracetamol for acute LBP.
Conclusions
This inferential reproduction analysis indicates that the treatment of patients with acute LBP with paracetamol (taken regularly or as-needed) has no effect on core outcomes of LBP when compared with placebo and thus confirms the original results of the PACE trial [8] . This means the original conclusions of the PACE trial are inferentially reproducible, even when using a different approach to the statistical analysis. 
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